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Introduction
The prevalence and incidence of coronary artery disease (CAD) in women increases dramatically after menopause and is the leading cause of mortality among postmenopausal women [1] . The atypical symptoms and signs, the high prevalence of non-obstructive CAD, and single vessel disease increase the challenges of diagnostic and prognostic testing in women [2] . However, women with similar severity of CAD have tended to receive less intensive evaluations and treatment than men [3, 4] . This might result in a subsequently worse prognosis than in men [5] . The early detection of CAD and accurate risk stratification provide optimization of subject outcome. Exercise myocardial perfusion imaging (MPI) by thallium-201 single photon emission computed tomography ( tion for future cardiac events in postmenopausal women [6, 7] . There was a nearly one fifth rate of myocardial perfusion defects in asymptomatic elderly women, and the rate of abnormal scans was even higher in those with elevated CAD risks [8] .
Obesity or physical inactivity listed as CAD risks in the latest guidelines in women for cardiovascular disease prevention [2] . Research has been reported obesity or overweight not only associated with increased cardiovascular risks but also cardiac dysfunction in people without CAD [9] . Little is known about the influences of physical inactivity on the myocardial perfusion or cardiac function in asymptomatic postmenopausal women, although the benefits of physical activity on decreasing incidence and mortality of cardiovascular disease have been proved [2] . These two risks are noted high in prevalence and often co-existed in postmenopausal women [1] . This study was thus designed to determine the separate or combined effects of physical inactivity and overweight status on myocardial perfusion, cardiac function as well as cardiopulmonary fitness in asymptomatic postmenopausal women.
Participants and Methods
Participants A prospective, cross-sectional study design was applied. A total of 60 volunteers were recruited through advertising in the hospital nearby communities. Subjects were included if they were postmenopausal (no menstruation after natural menopause for at least 12 months) and without any signs or symptoms suggesting heart disease (including CAD, congenital or valvular heart disease, myocarditis, or idiopathic cardiomyopathy) or peripheral artery disease. They were excluded if they had current use of hormone replacement therapy, impaired renal function (serum creatinine ≥ 1.5 mg/dl) or liver function (total bilirubin ≥ 2 mg/dl, alanine aminotransferase ≥ 2× upper limit of the normal range), abnormal resting electrocardiogram (ECG), active pulmonary disease, weight loss >10 kg in the past 6 months, or any ongoing or unstable medical conditions. This study was reviewed and approved by National Taiwan University Hospital Ethics Committee. Written informed consent was obtained before the testing.
All subjects had low Framingham Risk Score (FRS), the 10-year risk of developing CAD was 2.2 ± 1.6% (range 1-7%) [2, 10] . Participants were considered physically active (PA) if they performed moderateintensity aerobic physical activity for a minimum of 30 min 5 days a week or vigorous activity for a minimum of 20 min 3 days a week [11] . Otherwise, they were considered physically inactive (PIA) as suggested by the Guidelines of Physical Activities for Adults of the American Heart Association and the American College of Sports Medicine. The participants were classified into a normal-weight or an overweight group according to the national overweight criteria: BMI between 18.5-23.9 kg/m 2 is considered as normal weight, while BMI ≥24 kg/m 2 is considered as overweight [12] . Combining physical activity levels with BMI categories, all participants were classified into physically active, normal-weight (PANw, n = 15), physically active, overweight (PAO, n = 6), physically inactive, normalweight (PIANw, n = 13), and physically inactive overweight (PIAO, n = 26) groups.
Medical history and clinical characteristics were obtained, and all participants underwent a physical examination, blood drawn for laboratory tests, cardiopulmonary exercise testing, and exercise 201 Tl SPECT within 1 week.
Anthropometric Measurement
Body weight (kg) and body height (cm) were measured with subjects standing barefoot and with light clothes. Waist circumference (cm) was measured at the middle line between the lower chest and iliac crest.
Laboratory Tests
A venous blood sample was taken after 8-hour fasting for measuring fasting plasma glucose, HbA 1 c, total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglyceride, and C-reactive protein (CRP).
Cardiopulmonary Exercise Testing
Cardiopulmonary fitness was assessed by measuring peak oxygen uptake with treadmill according to the Bruce protocol. The resting heart rate (HR) and blood pressure were measured after at least 3 min of rest. Each participant performed a maximum exercise test with continuous ECG monitoring. Respiratory gas exchange variables were determined on a breath-by-breath basis and averaged over a 30-second interval with a Vmax Series V229 gas analyzer (Vmax229, Sensor Medics, Anaheim, CA, USA). The system was calibrated using a fixed standard gas concentration before each test. Peak oxygen consumption (peak VO 2 ) was determined from the average value of oxygen consumption over the final 30 s of the exercise test. The termination criteria included at least two of the following criteria: signs or symptoms of exercise intolerance (such as physical exhaustion, volitional fatigue or dyspnea), ≥90% of age-predicted maximum HR (= 220 -age), respiratory exchange ratio ≥ 1.15, or abnormal ECG.
After achieving peak workload, the treadmill was stopped without a cool-down period, and the participant remained in a seated position for a recovery period of 2 or more min. Heart rate recovery 1 (HRR1) or heart rate recovery 2 (HRR2) were defined as the decreases in heart rate between peak exercise and 1 min or 2 min in the recovery period, respectively.
ECG-Gated
201 Tl SPECT Standard treadmill 201 Tl SPECT testing was performed according to the guidelines from the American Society of Nuclear Cardiology and the American Heart Association [13] within 1 week after the cardiopulmonary function test. Bruce exercise protocol with continuous 12-lead ECG and blood pressure monitoring was used. A 3-3.5 mCi dose of 201 Tl was injected intravenously near the time of maximal stress levels; after the injection, exercise continued for one additional minute. Post-stress images were acquired within 5 min after 201 Tl injection and redistribution images were acquired 3-3.5 h later.
ECG-gated 201 Tl SPECT (8 frames per cardiac cycle) was acquired on a dual-head SPECT/CT scanner (Symbia T2, Siemens Medical Solution Inc., Hoffman Estates, IL, USA) equipped with low-energy general purpose collimators and 2-slice CT, using a circular 180° acquisition for 64 projections at 20 (post-stress) and 25 (rest) s/projection. The SPECT data were stored in a 128 × 128 matrix. All projection images were transferred in DICOM format, and processed using syngo MI applications. Breath-hold CT was performed after the post-stress emission acquisition using parameters as follows: tube rotation time, 0.8 s/revolution (total scan time in about 10 s); 130 kV; 17 mA; 5 mm/rotation; and slice pitch of 1.5 [14] . CT images were reconstructed onto a 512 × 512 matrix. Matched CT and SPECT image were reconstructed with a field of 50 cm in 5-mm slice thickness. Emission data were reconstructed iteratively with CT-derived attenuation correction using ordered-subset expectation maximization. The non-corrected and attenuation-corrected images, along with accompanying ECG-gated SPECT images, were presented for blinded consensus interpretation.
SPECT Analysis
The quality of gated data was reviewed after acquisition. Quantitative Gated SPECT (QGS) and Quantitative Perfusion SPECT (QPS) software (Cedars-Sinai Medical Center, Los Angeles, CA, USA) were used Chien/Wu/Yang/Yang/Su/Wu lung-to-heart ratio (the ratio between lung uptake and myocardial uptake of 201 Tl) were also assessed. Two experienced readers who were blinded to patients' clinical information and results of cardiopulmonary test participated in this study. In the event that the 2 interpretations did not agree with one another, the image was re-evaluated by the 2 physicians until a consensus was reached.
Data Analysis and Statistics
All statistical analyses were performed using SPSS 13.0 statistical software (SPSS Inc., Chicago, IL, USA). All continuous variables were displayed as the mean ± standard deviation. Subjects who were physically active but overweight (Group PAO) were excluded because of the small sample size (n = 6). With priori effect size and power calculation, the sample size of other 3 groups were adequate for statistical analysis. One-way ANOVA with Bonferroni post-hoc analysis was performed to make pairwise comparisons among groups. Non-parametric tests, chi-square tests, or Fisher exact measures were used for categorical variables. An adjusted p value < 0.02 was considered significant.
Results
All participants were non-smokers aged between 48 and 70 years. No significant differences in basic and clinical characteristics were noted, except higher body weight, BMI, and in full automatic processing mode without manual interaction [15] . The diagnostic performance of this quantitation software was confirmed in previous study [16] with excellent intra-and inter-reader reproducibility in our institute (r ≥ 0.99) [17] . Quantitative programs aided the assessment of regional wall motion as well as the calculation of left ventricular ejection fraction (LVEF) and stroke volume (SV). The change of the LVEF by exercise was also calculated. A worsening in LVEF by exercise was considered abnormal [18] . The left ventricular SV was normalized with body surface area and presented as the SV index. Non-gated images for assessment of 201 Tl uptake were obtained by summing all gated images. The myocardium was divided into a 20-segment model [19] , and myocardial perfusion was graded using a standard 5-point scoring system (0 = normal uptake of the radioactive isotope; 1 = slight reduction of uptake; 2 = moderate reduction of uptake; 3 = severe reduction of uptake; 4 = absence of uptake) for each segment. The segmental perfusion scores during stress and at rest were added to create the summed stress scores (SSS) and the summed rest scores (SRS), respectively. The summed difference score (SDS) was the difference between SSS and SRS, indicating the extent of ischemia. The extent of ischemia was expressed as % myocardium ischemic (% myocardium ischemic = SDS/80 × 100): <2.5% myocardium ischemic was considered nonischemic; 2.5-7.4% myocardium ischemic as a small to moderate extent of ischemia; ≥7.5% myocardium ischemic as a large extent of ischemia [20] . In this study, none of subjects had history of myocardial infarction, and abnormal MPI was defined as the ischemic myocardium ≥ 2.5%. PANw = Physically active, normal weight; PIANw = physically inactive, normal weight; PIAO = physically inactive, overweight; HRR1 = heart rate recovery 1, which is defined as the decrease in heart rate between peak exercise and 1 min in the recovery; HRR2 = heart rate recovery 2, which is defined as the decrease in heart rate between peak exercise and 2 min in the recovery. †p < 0.02 compared between PANw and PIAO groups after Bonferroni post-hoc analysis. ‡p < 0.02 compared between PANw and PIANw groups after Bonferroni post-hoc analysis. Chien/Wu/Yang/Yang/Su/Wu normal blood pressure, adverse lipid profile, and impaired glucose metabolism [21] . Hsia and coworkers [21] suggested that resting HR could predict coronary events and stroke in postmenopausal women. Our results suggested that physical activity ameliorates the deteriorating effects of sympathetic activity in postmenopausal women. A low fitness level was noted in the physically inactive group with normal weight in this study; this low fitness level might increase cardiovascular disease morbidity in postmenopausal women [22] . In addition, a slightly smaller, but nonsignificant SV index was noted in the inactive women group. Treadmill ECG-gated SPECT showed that about half of the inactive women had worsening LVEF by exercise, whether overweight or not. Previous studies suggested that the worsening LVEF after stress is an indicator of left ventricular systolic dysfunction and have a correlation with CAD [18, 23] . The decline in SV index after exercise and more subjects with worsening LVEF after exercise might partially explain lower exercise capacity in inactive women. Regular physical activity might improve the cardiovascular health in postmenopausal women [24, 25] .
The Effects of Overweight Status in Physically Inactive Women
The incidence of overweight status and obesity continues to increase worldwide. The BMI has been shown to be an important predictor of cardiovascular diseases in some studies [1, 26] , while other investigators reported that overweight status and obesity was not associated with abnormal SPECT [27, 28] . However, these studies comprised predominately male subjects who were either symptomatic or suggestive of CAD. Our study in inactive postmenopausal women who were asymptomatic with low FRS demonstrated that the overweight subjects tended to have a higher rate of abnormal MPI, an independent predictor of future fatal or nonfatal cardiac events [20] , compared to subjects with normal weight. In the present study, PIAO women had higher resting 201 Tl lung-to-heart ratio. The loading of overweight on the respiratory system might affect lung volumes and cardiac function [29] and result in higher 201 Tl lung uptake. In addition, an elevated 201 Tl lung-to-heart ratio has been used as an index of severity and extents of coronary heart disease [30, 31] . High 201 Tl lung uptake without significant perfusion defects might suggest diffuse microvascular disease.
Combined Effects of Physical Inactivity and Overweight Status in Postmenopausal Women
Higher levels of CRP and lower levels of fitness were noted in the PIAO group when compared with the PANw group which was considered to have minimized the risk of CAD as much as possible. Compared to PANw women, the PIAO women were prone to exhibit a more adverse lipid profile and a slower heart rate recovery. Previous evidence has supported that both elevated inflammation markers and unfavorable lipid profile accounted for the increased risks of CAD [2] . A According to the 20-segment analysis, the ischemic territories were located in left anterior descending, circumflex and right coronary arteries in 12 (22%), 14 (26%) and 11 (20%) participants, respectively.
The Effects of Physical Inactivity in Women with Normal Weight (PANw vs. PIANw)
The inactive normal-weight women had a lower exercise capacity level than their active counterparts (table 2). Higher but nonsignificant resting HR was noted in the PIANw group after Bonferroni post-hoc analysis (p < 0.05). The quantitative perfusion and gated SPECT analyses and
201
Tl lung-to-heart ratios were not significantly different between two groups. However, higher prevalence of subjects in PIANw group had worsening LVEF by exercise than those in the PANw group (46% vs. 7%; table 3).
The Effects of Overweight Status in Physically Inactive Women (PIAO vs. PIANw)
The clinical characteristics and exercise capacity were similar between PIAO and PIANw groups (table 1, 2). Resting 201 Tl lung-to-heart ratio of PIAO group was slightly higher than that of the PIANw group (p = 0.021) (table 3).
Combined Effects of Physical Inactivity and Overweight Status (PIAO vs. PANw)
In comparison to the PANw group, the PIAO group exhibited a higher CRP level (p = 0.017), a lower peak VO 2 (p = 0.001) (table 1, 2), and a higher resting 201 Tl lung-to-heart ratio (p = 0.014). Significantly more subjects in the PIAO group had a worsening LVEF by exercise than subjects in the PANw group (table 3) . Although lower HDL-C, higher triglyceride levels, and slower heart rate recovery (all p < 0.05) were also noted in the PIAO group when compared with PANw group, the significance levels became nonsignificant by Bonferroni post-hoc analysis.
Discussion
After menopause, physically inactive normal-weight women had a higher resting HR, lower exercise capacity and worsening LVEF by exercise than physically active women. Postmenopausal women in overweight status had higher resting 201 Tl lung-to-heart ratio. Furthermore, the prevalence of abnormal myocardial perfusion tended to be higher in inactive overweight women.
The Effects of Physical Inactivity in Women with Normal Weight
In women with normal body weight, we found a higher resting HR in physically inactive women compared than in physically active women. A higher resting HR represents a higher sympathetic tone associated with cardiac risk factors such as ab- wall by using SPECT [35] , soft tissue attenuation artifacts as a source of perfusion defects has been reported less frequently in Asian populations [18, 36] . In addition to gated SPECT, CT attenuation correction was used to further improve the quality of images in the present study. Recent evidence showed that attenuation correction resulted in less equivocal images and improved risk stratification [37, 38] , including obese subjects [39] . Finally, no invasive coronary angiography was performed since all subjects were asymptomatic and the majority of perfusion abnormalities was mild; therefore, optimized medical therapy and regular follow-up have been the first recommended [40] .
Conclusions
In postmenopausal women with normal body weight, the physically inactive ones tended to have abnormal myocardial perfusion on SPECT, despite asymptomatic and low FRS. Worsening LVEF by exercise was noted in the physically inactive women whether overweight or not. Overweight status increased 201 Tl lung uptake which could be associated with adverse cardiac outcomes, even under adequate medical therapy.
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slow heart rate recovery was demonstrated to have a relationship with risk factors or prognostic predictors of CAD in postmenopausal women [2] .
Taken together, asymptomatic postmenopausal women in inactivity and overweight status tended to have higher prevalence of inducible ischemia and worsening LVEF by exercise, higher rest 201 Tl lung uptake, and more cardiovascular risk factors, suggesting higher risks of cardiovascular complication even if they are under adequate metabolic control and showed a low FRS.
There were several limitations of this study. The sample size was rather small. Self-referral bias might be present and limit the generalization because the subjects were volunteers from hospital nearby communities. Although there was a similar prevalence of diabetes and hypertension in the study groups, the high prevalence of comorbidities that were being treated might complicate the interpretation of the results. Physically active overweight women could not be recruited in sufficient numbers; thus they were excluded from analysis. In addition, the study had a cross-sectional design, and the causal relationship could not be inferred. In this study we examined the effect of overweight, but not obesity, on the myocardial perfusion and cardiac function. The role of overweight versus obesity as a risk factor needs to be clarified. Future studies with a larger scale and long-term follow-up may help to support our hypothesis. 201 Tl labelled tracers instead of those labeled with 99m Tc labelled were used in the study.
201
Tl tracers are widely used in Asian countries, including Taiwan. Despite the low myocardial count densities and a large amount of scattered photons [15, 32] , previous studies have demonstrated that the performance of 201 Tl not only was comparable with that of 99m Tc sestamibi in myocardial perfusion and cardiac function [13, 33, 34] , but also showed a high accuracy in CAD detection [33] . Although women might have breast attenuation in the anterior
